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Abstract

It remains widely perceived that early-onset Type 2 Diabetes (T2D) in children and adoles-
cents is rare and clinically distinct from Type 1 Diabetes (T1D). We studied the challenges of
classifying subtypes of early-onset diabetes using clinical features and biomarkers, and
management of these patients. We reviewed retrospectively the record of patients < 25
years old who attended the diabetes clinic in Penang General Hospital, Malaysia between
15! December 2012 and 30" June 2015. We examined their clinical features, C-peptide and
pancreatic autoantibodies. Comparisons were made between T1D and T2D for magnitude,
demographics, metabolic status and complications. We studied 176 patients with a mean
age of 20 + 3.7 years, 43.2% had T1D, 13.6% had T2D, and 13.6% had mixed features of
both. When tested, pancreatic autoantibodies were positive in 59.4% of the T1D. T2D pre-
sented two years later than T1D at 14.3 years, 20% were asymptomatic at presentation, and
50% required insulin supplementation despite fasting c-peptide of > 250 pmol/L. HbA ¢ of

< 8.0% (64 mmol/mol) was achieved in 30.3% of T1D, 58.3% of T2D on OAD and 16.7% of
T2D on insulin. The T2D had greater cardiovascular risk with higher body mass index, more
dyslipidaemia, higher blood pressure and earlier onset of nephropathy. The overlapping clini-
cal features, variable autoimmunity, and beta-cell loss complicate classification of young dia-
betes. Pancreatic autoantibodies and C-peptide did not always predict diabetes subtypes
nor respond to insulin. The poor metabolic control and high cardiovascular risk burden
among the T2D highlight the need for population-based study and focused intervention.

Introduction

Diabetes in childhood previously almost always equates Type 1 diabetes (T1D) but is increas-
ingly recognized as a complex diagnosis. Early-onset type 2 diabetes mellitus (T2D) among
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children and adolescents is an emerging phenomenon worldwide [1, 2] with a higher burden
in Asia than Europe and America combined [3]. T1D is due to beta-cell destruction leading to
absolute insulin deficiency while T2DM is due to a progressive insulin secretory defect on the
background of insulin resistance [4]. Prompt and accurate diagnosis allows clinicians to
provide appropriate and effective treatment. However, distinguishing T1D from T2D is chal-
lenging for the clinicians due to their overlapping clinical features. The rising prevalence of
childhood obesity affects all subtypes of diabetes while T2D can also present with severe hyper-
glycaemia and ketosis.

Malaysia has a high prevalence of T2D and multi-ethnic population comprising of predom-
inantly Malay, Chinese and Indian ethnic groups. The population prevalence of diabetes was
17.5% in 2015 while the prevalence of diabetes among youth aged 18-19 years rose from 2.1%
in 2011 up to 5.5% in 2015 [5, 6]. More than 90% of cases were detected only during screening,
raising the possibility that they predominantly represent T2D. The Malaysian national registry
on children and adolescents with diabetes reported 17.5% of them had T2D [7]. Despite this,
the extent of the burden of T2D in the young remains understudied and often assumed to be
low if compared to T1D.

We set out to examine the burden of early-onset diabetes and the challenges involved in
classifying diabetes subtypes in a population like Malaysia with a high prevalence of diabetes.
Comparisons are made between T1D and T2D for magnitude, demographics, metabolic status
and complications. This understanding has immediate implications for the diagnosis and
management of early-onset diabetes, as well as longer-term impact for public health.

Materials and methods
Ethics statement

The study was registered at Malaysian National Medical Research Register (NMRR) (reference
number NMRR-13-927-17402). The study protocol was approved by the Medical Research
and Ethics Committee (MREC), Ministry of Health Malaysia. As this study involved retrospec-
tive chart review with no direct patient contact, no written consent was obtained by the
patients or guardians for their information to be stored in a database and used for research.
MREC granted the waiver.

Study design

We conducted a retrospective chart review from the 1°* December 2012 until the 30™ June
2015 at the Penang General Hospital (PGH). PGH is the largest public hospital in Penang. All
patients with diabetes under the age of 25 years who attended the diabetes clinic in PGH were
included. The charts were hand-searched, and information on gender, ethnicity, age at diagno-
sis, duration of diabetes, past medical history, family history of diabetes, mode of presentation
and degree of hyperglycaemia at presentation were captured. Data on basic anthropometry,
medication use, current glycaemic control, fasting lipid profile and presence of micro- and
macro-vascular complications were captured from the most recent clinic review.

Fasting C-peptide and pancreatic autoantibodies tests

Fasting C-peptide and pancreatic antibodies were routinely performed only for patients diag-
nosed in-house or for those with uncertain diagnosis. They were not routinely performed for
patients who were referred in from elsewhere with an established diagnosis of T1D. The results
were therefore not available in all patients. Serum C-peptide level was measured using the
chemiluminescent method (Immulite, Siemen) at Pathology Department, Kuala Lumpur
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Hospital. We used fasting C-peptide of <250 pmol/l to define marked insulin deficiency [8].
The pancreatic antibodies were measured at the Allergy and Immunology Unit, Institute for
Medical Research, Kuala Lumpur. These included anti-insulin (ELISA methods -Brand Biosys-
tem), anti-glutamic acid decarboxylase (anti-GAD), anti-islet cell (anti-ICA) and anti-tyrosine
phosphatase like-insulinoma antigen 2-antibodies (anti-IA-2) with ELISA methods- Medipan
Medizym system. The cut-offs measurement to define seropositivity for these autoantibodies
were as followed: anti-GAD (>10 IU/mL), anti-ICA (>1.0 binding index), anti-IA2 (>10 IU/
mL) and anti-insulin (>10 U/mL).

Classification of diabetes

Diabetes mellitus was diagnosed based on the WHO classification [9]. Patients were classified
as T1D if they were clinically insulin dependent from diagnosis and as T2D if they were con-
trolled on oral anti-diabetic (OAD) agent(s) alone for 3 or more years after diagnosis. Patients
were also classified as T1D if they had fasting C-peptide of <250 pmol/L and as T2D if they
had fasting C-peptide of >250 pmol/L at >3 years of diagnosis with negative pancreatic anti-
bodies. Patients who failed to fulfil the aforementioned criteria for either T1D or T2D were
classified as “uncertain”. Patients with diabetes secondary to another medical condition were
classified as “secondary diabetes”.

Cardiovascular risk markers

For patients aged 20 years or younger, body mass index (BMI) was categorized according to
gender and age-percentile [10]. For patients aged more than 20 years, BMI was defined using
standard set by the WHO [11]. Abnormal lipid profile was defined as total cholesterol, low-
density lipoprotein (LDL-C) or triglyceride of more than 5.0 mmol/L, 3.0 mmol/L and 1.7
mmol/L respectively, or high-density lipoprotein (HDL-C) of less than 1.0 mmol/L [12]. Fast-
ing remnant cholesterol was calculated by subtracting LDL-C and HDL-C from total choles-
terol, and non-HDL cholesterol subtracted HDL-cholesterol from total cholesterol [12].
Metabolic syndrome was defined according to the WHO 1998 criteria [13].

Hypertension was diagnosed and classified based on age and gender. For those who aged 17
years or less, systolic blood pressure (SBP) and/ or diastolic blood pressure (DBP) >95" cen-
tile(s) for age and gender was classified as hypertension; while SBP and/ or DBP between
>90'" and <95 centile(s) was classified as pre-hypertension [14]. For those who aged beyond
17 years, SBP >140 mmHg and/ or DBP >90 mmHg was classified as hypertension, while SBP
ranging from 121 to 139 mmHg and/ or DBP from 81 to 89 mmHg was classified as pre-hyper-
tension [15].

Albuminuria was defined as urine albumin-creatinine ratio of >2.5 mg/mmol for males
and >3.5 mg/mmol for females.

Statistical analyses

The data was collected and analysed using Statistical Package for the Social Sciences (SPSS)
version 22.0. Comparative descriptive analyses were performed between T1D and T2D for
demographics, presentation, family history, metabolic control and development of co-morbid-
ities and complications. Chi-square tests were employed to investigate the relationship
between types of diabetes (T1D and T2D) and patients’ demographic profiles, presenting
symptoms, family history of diabetes, glycaemic control, BMI category, presence of hyperten-
sion, dyslipidemia, and complications of diabetes, as well as the use of anti-diabetic agents.
Fischer exact tests were employed wherever assumptions for Chi-square tests were not fulfilled.
Independent Student’s ¢-tests were employed to investigate the differences for age at diagnosis,
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duration of diabetes, blood pressure readings, glycaemic and metabolic parameters between
T1D and T2D youths. Changes for glycaemic parameters for individuals were analysed using
paired t-tests. All the data were de-identified before their use in analyses. All data are hosted in
Penang General Hospital.

Data availability

All data generated or analysed during this study are included in this article.

Results
Overview of study population

We registered 176 patients aged <25 years with diabetes mellitus. Male to female ratio was 1:
1.6 with predominantly Malay ethnicity (45%) followed by Chinese (39%) and Indian (16%).
The mean age of diagnoses was 14+4.30 years old, with a mean disease duration of 6.2+4.26
years at the time of review. About 83% were treated with insulin (47% on insulin alone and
36% on the combination of insulin with OAD). The mean HbA ;. was 10.0+2.86% (86+31
mmol/mol) and only 27.3% managed to achieve HbA; . of <8.0% (64 mmol/mol). Albumin-
uria and peripheral neuropathy were noted in 21% and 10.8%, respectively. Total cholesterol
of >5.0 mmol/L, LDL-C of >3.0 mmol/L, triglyceride of > 5.0 mmol/L and HDL-C of

< 1.0 mmol/L occurred in 35.8%, 35.2%, 17.6% and 8.0% of youth with diabetes, respectively.
Dyslipidemia, defined as having either one or a combination of these lipid abnormalities, was
noted in 44.3% of all patients, of which 18.2% were on statin therapy. Upon applying age-
adjusted definition, 5.7% had hypertension, 9.1% had isolated systolic hypertension while
32.4% had pre-hypertension. No patients had documented cardiovascular complications but
21% fulfilled definition for metabolic syndrome. Fasting C-peptide and pancreatic antibodies
were tested in 48.9% and 58.5% of all patients, respectively. Of those tested, 51.1% had low C-
peptide, and 58.5% were positive for at least 1 antibody.

Classification of youth-onset diabetes

Seventy-six (43.2%) and 24 (13.6%) patients fulfilled the study criteria for T1D and T2D,
respectively (Fig 1). The characteristics, similarities, and differences between this 2 groups are
discussed below.

Twenty-four (13.6%) patients were classified as “uncertain”. Of these, 13 had negative
autoantibodies and normal C-peptide level but were not included as T2D as they were

Classification of
diabetes

T1D T2D Uncertain Incomplete data Secondary diabetes
n=10 (5.7%)

N=76 (42.3%) =24 (13.6%) =24 (13.6%) n=42 (23.8%)
Steroic

Fasting C-peptde <250pmoi. +
egative antbodies (5

T1D- Type 1 diabetes, T2D- Type 2 diabetes, OAD- Oral anti-diabetic agent
Fig 1. Classification of youth with diabetes.
https://doi.org/10.1371/journal.pone.0211210.9001
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diagnosed for <3 years. However, 10 of these “probable T2D” already require insulin
supplementation despite the short duration of diagnosis. Five other patients had negative
antibodies but a low C-peptide level of <250 pmol/L. They were not insulin dependent at
presentation (as in the case of classical T1D), but four of them subsequently required the
addition of insulin to OAD therapy. Another six had positive anti-GAD, anti-ICA antibodies
and normal C-peptide level and fulfilled definition for latent autoimmune diabetes of adults
(LADA) [16].

Ten (5.7%) had diabetes secondary to genetic syndromes (3), thalassemia major (2), chemo-
therapy for malignancies (4), and steroid therapy for systemic lupus erythematosus (1). A fur-
ther 42 patients were excluded from classifications as they did not have clear clinical features
of either T1D or T2D and incomplete or absent C-peptide and autoantibodies results (incom-
plete data).

Comparison between T1D and T2D

Nearly 60% of the T1D and T2D patients were female (Table 1). Ethnic Chinese made up the
majority of T1D, while ethnic Malay made up of the majority of T2D. T2D presented on aver-
age two years older than T1D at 14.3 years. One in five T2D were asymptomatic at presenta-
tion while all of the T1D had overt symptoms. Diabetic ketoacidosis (DKA) was the presenting
diagnosis in 47% of T1D but none of the T2D. Acanthosis nigricans, a sign of insulin resis-
tance, was present in nearly a third of T2D and 8% of T1D. All of the T2D have a family history
of diabetes (in either first or second degree relatives), while 29% of T1D reported no family his-
tory of diabetes (Fig 2). Autoimmune disorders were more common among T1D with pre-
dominantly thyroid disorders and 1 autoimmune hepatitis. Both T1D and T2D had a similar
prevalence of microvascular complications, with albuminuria being the most common

(Table 2).

The glycaemic control was equally poor between T1D and T2D at the first clinic visit as
well as after a mean follow up of 4.9+2.80 years. Some T2D had more resistant hyperglycaemia
than others. Insulin supplementation was needed in 50% of the T2D without resulting in an
improvement in the fasting glucose (Fig 3) and HbA . (Fig 4). Only 16.7% of T2D supple-
mented with insulin achieved HbA ¢ of <8.0% (64 mmol/mol), as compared to 58.3% of those
treated with OAD alone. Subgroup analysis comparing T2D on OAD alone with T2D on insu-
lin showed that both groups were similar in term of symptoms at presentation, demographic
(gender, the age of diagnosis and duration of diabetes), family history, body mass index (BMI),
lipid and blood pressure profiles. The only difference was the HbA . was higher among the
T2D on insulin as compared to those on OAD alone, at initial clinic visit (11.1% (98 mmol/
mol) vs 9.0% (75 mmol/mol), p = 0.005) and latest clinic visit (11.3% (100 mmol/mol) vs 8.0%
(64 mmol/mol), p = 0.002).

Comparison was made between patients who achieved a Hbalc of <8.0% (64 mmol/mol)
(“responders”) and those with HbA ¢ of >8.0% (64 mmol/mol) (“non-responders”). Even
with these loose definitions, only about one-third of T1D (n = 23) and T2D (n = 9) qualified as
responders. The responders and non-responders in both T1D and T2D were similar in term of
symptoms at presentation, gender, ethnicity, duration of diabetes and follow up, family his-
tory, BMI and blood pressure. The T1D responders were older than the non-responders
(21.9+4.30 vs. 19.7+3.60 years, p = 0.03). The T2D non-responders had higher fasting glucose
(8.1£1.42 vs. 12.6+3.62 mmol/L, p = 0.001) and HbA ;. (9.0£2.35% vs. 11.1+2.10%, p = 0.033)
during the first visit. There were more insulin usage in the T2D non-responders group though
it did not reach statistical significance. Despite the use of insulin, their HbA;. remain above
8% (64 mmol/mol) at the latest visit. The T2D non-responders also had higher triglyceride
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Table 1. Demographics, clinical characteristics and glycaemic controls among youth with T1D and T2D.

T1D (n =76); n (%) T2D (n = 24); n(%) p-value
Gender
Male 32 (42.1) 10 (41.7) 0.970
Female 44 (57.9) 14 (58.3)
Ethnicity
Malay 24 (31.6) 12 (50.0) 0.151
Chinese 40 (52.6) 11 (45.8)
Asian Indian 12 (15.8) 1(4.2)
Age at time of review (mean + SD) 20.4+3.90 20.7+3.69 0.661
Age at time of diagnosis (mean + SD) 12.3+4.79 14.3+3.52 0.061
Duration of diabetes (mean + SD) 8.1+4.54 6.5+2.83 0.042
Duration of follow up (years) (mean + SD) 4.7+2.67 42423 0.397
Presenting symptoms
Asymptomatic * 0 5(20.8) <0.001
Diabetic ketoacidosis 36 (47.4) 0 <0.001
polyuria, polydispsia 32 (42.1) 10 (41.7) 0.108
Loss of weight 22 (28.9) 4(16.7) 0.048
Blurring of vision * 1(1.3) 1(4.2) 0.533
Infection * 12 (15.8) 2(8.3) 0.508
Lethargy 16 (21.1) 6 (25.0) 0.684
No records available 22 (28.9) 8(33.3) 0.683
Acanthosis nigricans 6(7.9) 8(33.3) <0.001
Family history of diabetes
Both parents have DM * 3(3.9) 3(12.5) 0.334
Either parent has DM 12 (15.8) 17 (70.8) <0.001
Sibling(s) have DM * 2(2.6) 4(16.7) 0.042
No family history of DM 22 (28.9) 0 <0.001
Other autoimmune disorders * 11 (14.5) 1(4.3) 0.284
Glycaemic status at first clinic visit
Fasting glucose (mmol/L) (mean + SD) 11.5+6.87 10.8+3.68 0.530
HbA, (%) (mmol/mol) (mean = SD) 10.243.05 10.3+2.39 0.865
(88+33.3) (89+26.1)
Glycaemic control at most recent follow-up
Fasting blood glucose (mmol/L) (mean + SD) 11.0+6.54 9.48+4.85 0.471
HbA, (%) (mmol/mol) (mean = SD) 9.7+2.48 9.6+2.83 0.844
(83+27.1) (81£30.9)
HbA,. < 6.5% (48 mmol/mol) * 1(1.3) 4(16.7) 0.013
HbA, < 8.0% (64 mmol/mol) * 23 (30.3) 9(37.5) 0.625
Complications of Diabetes
Albuminuria * 10 (13.2) 7(29.2) 0.115
Peripheral neuropathy * 9(11.8) 3 (12.5) 1.000
Cataract, glaucoma or retinopathy * 5 (6.6) 2(8.3) 0.672
Use of antidiabetic therapy °
Insulin only 75 (98.7) 0 <0.001
OAD agents only * 0 12 (50.0) <0.001
Combination of insulin and OAD?* 0 12 (50.0) <0.001
Diet control only 0 0 -

* Fischer exact test was employed for this variable.

® Number in subgroup did not total up due to missing data.

https://doi.org/10.1371/journal.pone.0211210.t001
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Proportion of subjects (in %)

Fig 2. Family history of diabetes among youth with Type 1 and Type 2 diabetes.
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level (1.3£0.82 vs. 2.942.13 mmol/L, p = 0.037) and more had microalbuminuria (0 vs. 46.7%,

p = 0.022) than the responders.
Pancreatic antibodies profile were performed in 42 (of 76) T1D, 59.4% were seropositive

for at least one of them, while 28.6% were positive for two autoantibodies and 14.3% for three
autoantibodies. Anti-ICA was most commonly detected (52.9%), followed by anti-GAD
(47.6%), anti-tyrosine phosphatase like-insulinoma antigen 2-antibodies (anti-IA2) (27.8%)

Table 2. Cardio-metabolic risk markers at latest visit among youth with T1D vs T2D.

Risk markers T1D (n =76); n (%) T2D (n = 24); n(%) p-value
BMI (kg/mz) (mean + SD) 22.9£3.50 30.3£7.93 <0.001
Underweight *® 2(3.4) 1(5.3) 1.000
Normal weight ® 44 (57.9) 5(20.8) <0.001
Overweight ® 10 (13.2) 3 (12.5) 0.949
Obese® 2(2.6) 10 (41.7) <0.001
Total cholesterol (mmol/L) (mean + SD) 5.1+1.24 5.2+1.40 0.789
LDL-C (mmol/L) (mean + SD) 2.9+1.19 3.1+1.12 0.703
TG (mmol/L) (mean + SD) 1.14+0.77 2.2+1.83 0.025
HDL-C (mmol/L) (mean + SD) 1.6+0.55 1.3£0.35 0.004
TG:HDL-C ratio (mean + SD) 0.8+0.69 2.0+1.80 0.011
Fasting remnant cholesterol (mmol/L) (mean + SD) 0.5+0.43 0.8+0.60 0.039
Presence of dyslipidemia 24 (31.6) 16 (66.7) 0.009
Systolic blood pressure (mean + SD) 117.6£17.59 129.7+£13.33 0.003
Diastolic blood pressure (mean + SD) 71.0+9.87 78.1+8.74 0.003
Normotension *° 42 (55.3) 6 (25.0) 0.009
Pre-hypertension * 23(30.3) 11 (45.8) 0.213
Isolated systolic hypertension * 6(7.9) 3(12.5) 0.683
Hypertension * 1(1.3) 3(12.5) 0.043
Microalbuminuria (positive) 10 (13.2) 7 (29.2) 0.115
Metabolic syndrome 4(5.3) 10 (41.7) <0.001

LDL-C = low density lipoprotein cholesterol; HDL-C = high density lipoprotein cholesterol; TG = triglyceride

* Fischer exact test was employed for this variable.

® Number in subgroup did not total up due to missing data.

https://doi.org/10.1371/journal.pone.0211210.t002
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Fig 3. Serum fasting glucose among youth with diabetes at their initial and latest visits.

https://doi.org/10.1371/journal.pone.0211210.g003

and anti-insulin (2.9%) antibodies. About 40.5% (17 out of 42) of our T1D were seronegative
for all autoantibodies.

The C-peptide level did not correlate with the need for insulin therapy. Fifty percent of the
T2D required insulin supplementation for glycaemic control despite having fasting C-peptide
of >250 pmol/L. Their daily insulin requirement ranged between 0.15 and 1.06 IU/kg.

Cardiovascular risk markers

Youths with T2D were more likely to be obese (% = 32.3, p<0.001) (Fig 5) and had higher
BMI than T1D (30.3+7.93 versus 22.9+3.50 kg/mz, p<0.001) (Table 2). However, 20% of T2D
youths had normal BMI, and 16% of T1D were overweight or obese.

Dyslipidaemia occurred in 31.6% of T1D youths and 66.7% of T2D youths (x> = 9.52,
p = 0.009). Statin therapy was prescribed for 13.2% of T1D and 16.7% of T2D. T2D had
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Fig 4. HbA,. among youth with diabetes at their initial and latest visits.
https://doi.org/10.1371/journal.pone.0211210.9004
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Fig 5. Cardio-metabolic risk among youth with Type 1 and Type 2 diabetes.
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significantly higher triglyceride, lower HDL-C, higher triglyceride to HDL-C ratio and fasting
remnant cholesterol.

Blood pressure reading was captured from the most recent clinic visits with 10.4% of T1D
and 9.1% of T2D receiving antihypertensive therapy. Systolic and diastolic blood pressure
readings were significantly higher in T2D than T1D youth. Hypertension or isolated systolic
hypertension occurred in 9.2% vs. 25.0% of T1D and T2D respectively (x* = 4.021, p = 0.076).
Elevated albuminuria, also a sign of early nephropathy and increased cardiovascular risk, was
noted in 13.2% of T1D and 29.2% of T2D, despite a shorter duration of disease in the T2D.

Discussion

This study highlights the high disease burden among adolescents and youth with diabetes.
Many of them have poorly controlled hyperglycaemia despite therapy with OADs and insulin
and carry excess cardiovascular risks.

There appears to be a female preponderance, though not statistically significant, in both our
T1D and T2D group. This is contrary to studies that showed male preponderance for Cauca-
sians T1D, male preponderance for diabetes before the age of puberty and female preponder-
ance only after menopause [17]. Women polycystic ovarian syndrome (PCOS) may exhibit
pancreatic beta-cell dysfunction but our retrospective data did not contain reliable informa-
tion about the Tanner staging and PCOS status of the subjects.

This study also highlights the challenges in differentiating T1D from T2D in early-onset
diabetes in the youth due to significant overlap in clinical presentation, disease progression
and biochemistry. However, selected clinical features at presentation could offer helpful clues.
There were relatively more Malay in the T2D group and more Chinese in the T1D group.
Patients who were asymptomatic at presentation were more likely to have T2D (about 20% of
T2D were asymptomatic at presentation while all of the T1D had either polyuria, weight loss
or ketosis). The average glucose and HbA, . at presentation were as high in T2D as it was in
T1D. Having a family history of diabetes especially in either parent greatly increased the odds
of T2D. On the other hand, acanthosis nigricans, a sign of insulin resistance, was seen in the
T2D group only.

C-peptide and pancreatic autoantibodies are not readily available (or affordable) in centres
with a limited resource as in our setting. The results, even when available may not help to clas-
sify T1D from T2D accurately. After excluding subjects with secondary diabetes and those
with incomplete data, about 19% (24/124 subjects) still could not be classified clearly into
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either T1D or T2D based on the clinical course, C-peptide level and pancreatic autoantibodies.
This ambiguity in diagnosis may have contributed to delay in initiating appropriate treatment
and subsequent poor glycaemic control.

The absence of pancreatic autoantibodies does not rule out T1D in our population. While
the majority of T1D in the Caucasian population is driven by autoimmune beta-cell destruc-
tion, the role of autoimmunity in T1D is lower among Asians with T1D [18, 19]. In another
Malaysian study, about 32% of patients with near or complete beta-cell destruction were sero-
negative for all pancreatic autoantibodies [19]. Similarly, 17 out of 42 T1D youth (40.5%) who
were clinically insulin dependent in our study tested negative for these antibodies. These
patients fit the definition of idiopathic T1D, a form of T1D not associated with autoantibodies,
for which insulin treatment is required for survival although this requirement may be episodic.
Idiopathic T1D is observed more commonly in African or Asian ancestry [20]. On the other
hand, we had 6 patients with positive antibodies but detectable C-peptide. The autoimmune
beta-cell destruction was slow in these patients as five out of 6 patients had fasting C-peptide
of >250 pmol/L despite more than three years after diagnosis. While these patients may have
LADA, they may also represent a spectrum of “antibody-positive T2D”. In a study by Nazai-
moon et al, 7.5% of Malaysian clinically diagnosed as T2D were found to have positive anti-
GAD antibody [18].

Low level of C-peptide did not always correlate clinically with the need for or response to
insulin therapy in our patients. The serum C-peptide level reflects insulin secretion from pan-
creatic islet cells and residual insulin secretion function and has been suggested as a useful
parameter in classifying diabetes. Katz et al. identified that a fasting C-peptide concentration
>300 pmol/L had 83% sensitivity and 89% specificity for distinguishing paediatric T1D from
T2D at diagnosis [21]. In another study of a Korean diabetes population, serum C-peptide
level <200 pmol/L at diagnosis excludes T2D [22]. In this study, the fasting C-peptide of <250
pmol/1 [8] did not always correlate clinically with the need for or response to insulin therapy.
Five patients with C-peptide of <250 pmol/L and seronegative for pancreatic antibodies were
not clinically insulin dependent (1 were on OAD only and four on OAD with insulin supple-
ment). These patients could be either idiopathic T1D or “burn-out” T2D as the loss of beta-cell
function is also known to be more rapid in youth-onset T2D compared to adult-onset T2D
[2]. Neither does a “normal” level of C-peptide exclude the need for insulin therapy. Fifty per-
cent of our T2D (all with fasting C-peptide of >250 pmol/L) needed to be prescribed insulin
due to inadequate response to OAD therapy yet most did not show significant improvement.

This study also highlights the high burden of youth-onset T2D in our population. Applying
the definition of T2D as persistent insulin production (by three years or more after diagnosis)
and absence of autoimmune destruction, 13.6% of youths were categorized as T2D. The preva-
lence of T2D could be as high as 27.8% if the other patients who were managed as T2D were
included (13 patients with negative beta-cell autoantibodies and normal C-peptide level but
were at less than three years diagnosis and 12 patients who were treated with diet or OAD
alone but were diagnosed for less than three years and did not have C-peptide or antibody
testing).

The poor glycaemic control for many of the T1D and T2D even after treatment is of great
concern. Only about a third of our patients achieved HbA ;. of <8% (64 mmol/mol) after
about four years of follow-up. Intermittent compliance with pharmacotherapy and clinic visits
may have contributed to the poor control observed, but we were unable to reliably capture the
compliance information given the retrospective nature of our study. The older age observed in
the T1D responders may be due to better compliance with therapy in the older patients. In the
TODAY trial, 39% of the participants failed to reach HbA . of <8% (64 mmol/mol) despite
treatment with metformin, rosiglitazone and intensive lifestyle coaching under the supportive
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trial environment [23, 24]. A worrying 62.5% of our T2D cohort had similar treatment failure,
with a longer duration of disease, and many were treated with insulin therapy. However, there
may be inherent differences within the broad group of T2D. A subset of our T2D appears to
respond well to OAD alone with 58.3% achieved HbA ¢ of <8.0% (64 mmol/mol), while the
other had poor glycaemic control despite the intensification of therapy with insulin, only
16.7% achieved the same HbA, ¢ target. The T2D non-responders carry excess cardiovascular
risk burden, as evidenced by higher triglyceride and microalbuminuria. Further studies are
needed to understand if there were subtypes of T2D with different pathophysiology necessitat-
ing different treatment approach. Asian youths with T2D have preserved glucagon-like pep-
tide-1 response to oral glucose, but decreased incretin effect, beta-cell function and insulin
sensitivity [25]. Further studies are needed to elucidate the possibility of GLP-1 resistance in
youth with T2D and role of incretin-based therapy.

Some of the T2D were diagnosed incidentally and denied any symptoms at diagnosis. The
prevalence of diabetes among Malaysian youth aged 18-24 were 5.5-5.9% with 90% detected
during screening [6]. The early identification of T2D is important not least because develop-
ment and progression of clinical complications are more rapid, and associated with greater
mortality when the onset of T2D is early [26]. Obesity alone may not be a sensitive risk marker
as the increased risk of diabetes in the Asian youths appears to start at lower BMI. The mean
BMI in our population of young T2D was 30.3 kg/m* compared to above 32 kg/m” as reported
from the West [27, 28], and one-quarter of our young T2D have normal BMI or underweight.
The lack of obesity however, was accompanied by a similarly high burden of co-morbidities
and complications as those observed in other populations [29]. About 25% of our young T2D
were hypertensive, and another 45.8% fell into the pre-hypertension category. The higher
prevalence of hypertension in the young T2D compared to young T1D may be driving early
onset of nephropathy. Despite a shorter duration of diabetes and similar HbA;, 29.2% of
young T2D had albuminuria, compared to 13.2% of T1D. This high rate of nephropathy is in
keeping with observation in other studies [30, 31]. Youth with T2D were found to have a
23-fold and 4-fold increased risk of renal failure compared to healthy control and youth with
T1D [32]. Our T2D patients also had adverse lipid profile with low HDL-C, high triglyceride,
triglyceride to HDL-C ratio and fasting remnant cholesterol, which are significant for coronary
artery diseases [33, 34]. The high burden of dyslipidaemia in our study population is similar to
other studies [35, 36]. These early presences of hypertension, albuminuria and dyslipidaemia
may translate into excessive future cardiovascular risks. Adults with early-onset T2D have
14-fold higher risk of developing myocardial infarction than the control subjects [37]. Despite
similar glycemic exposure and shorter disease duration, youth-onset T2D was associated with
more complications and twice the mortality rate when compared with T1D [35].

Several limitations of the study have to be mentioned. We restricted the definitions of T1D
and T2D. While this resulted in a smaller number of subjects in each group, it enabled greater
certainty in the comparative analyses. The prevalence of obesity and hypertension in this
young population are also made more accurate by applying age- and gender-specific cut-off in
the definition. The study was undertaken at a referral centre which would have imposed refer-
ral biases. The retrospective chart review nature of our data may not reliably represent the tar-
get population. Serum C-peptide level and antibodies were not performed for all subjects, and
we did not rule out Maturity Onset Diabetes of the Youth (MODY). However, our study high-
lights that the C-peptide and antibodies results (when available) do not always accurately pre-
dict clinical progression and response to therapy. Genetic testing for MODY is not readily
available in this region and prohibitively expensive. A clinical prediction model has been
developed (MODY probability calculator) to guide clinicians in the diagnosis of young people
with diabetes, but its validity is yet untested in the Malaysian population [38].
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Conclusions

This study highlights the high disease burden among adolescents and youth with diabetes.
With every three patients diagnosed with T1D in this study, there were at least one patient
with T2D and one more who could not be neatly classified. Patients who were asymptomatic
at presentation, with a family history of T2D among the first degree relative and had acanthosis
nigricans were more likely to have T2D. Pancreatic autoantibodies and C-peptide level on the
other hand, failed to reliably predict needs for or response to insulin therapy in many patients.
The T2D appear to bear a higher disease burden compared to the T1D, with more dyslipidae-
mia, hypertension, metabolic syndrome and microalbuminuria, despite a shorter duration of
diabetes and similarly high HbA, .. Poorly controlled diabetes in adolescents and youth poses a
serious public-health challenge for the coming decades. There is a need for more comprehen-
sive population-based estimates of diabetes incidence among Malaysian youth. There is also a
need for further study to understand the pathophysiology and factors driving this early mani-
festation of disease and complications.
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